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Abstract 

In this study is the use of the generator excitation system design parameters for distributed fieldbus 

technology and real-time data display module record, will transfer to the field bus data processing and real-

time storage of a design. Generator current and terminal voltage and other electrical parameters by the CAN 

bus pass, when a failure occurs, the fault current and other electrical parameters display, and store it to 

MRAM or FRAM memory, and also through the external communications port to be transferred to PC and 

other networks. System uses magnetic resistance random access memory, ferroelectric memory extends the 

storage capacity, so that fault recording function can be achieved; application PIT and RTC, the timing 

accuracy of a millisecond, improve the recording wave function. 
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1. Introduction 

With computer technology, automation technology continues to develop and field bus such as CAN bus 

technology has improved, the excitation control system gradually to a distributed Fieldbus direction. The 

design of excitation system parameters of real-time data recording and display module is part of generator 

excitation control an important part of the excitation control system reflects the decentralized control, 

centralized key information. Complete on-site data, and easy to modify the parameters of fault recorder. 

The system needs to support large-capacity power-down to save memory used to store fault switching and 

analog to be used after the fault display and analysis, which uses ferroelectric random access memory 

storage and magneto-resistance [1]. 

 

2. Magnetoresistance Random Access Memory 

2.1. Magnetoresistive random access memory principle introduced 

MRAM is a non-volatile magnetic random access memory. MRAM uses magnetic storage elements in 

each tunnel junction (MTJ) devices for data storage. When the bias applied to the MTJ, the magnetic 

polarization of the electrons is called tunneling through (Tunneling) process, through insulating barrier. 

When the free layer magnetic moment parallel to the fixed layer, MTJ devices with low resistance; and 

when the free layer and fixed layer magnetization direction antiparallel (anti-parallel), then a high resistance. 

With the magnetic state changes the device, the resistance will change its data as a magnetic state (rather 

than charge) storage, and by measuring the resistance to induction, does not interfere with the magnetic 

state [2]. 

 

2.2. Magnetoresistance random access memory applications 
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Designed with Freescale Semiconductor to provide the magnetoresistance random access memory 

MR2A16A, used to store a variety of electrical excitation system parameters.Pin functions shown in Table 

1: 

Table.1 MR2A16A Pin-out diagram 

   Signal Name Function 

A[17:0] Address Input 

E  Chip Enable 

W  
Write Enable 

G  
Output Enable 

UB  
Choose High-byte 

LB  Choose low-byte 

DQL[7:0] Data I / O high byte 

DQU[15:8] Data I / O low byte 

VDD +3.3V Supply voltage 

VSS Ground 

NC No connection 

 

 

Fig. 1 External bus interface 
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2.3. External expansion bus 

MCU and external expansion bus on the pin shown in Figure 1. This design uses a separate 16-bit data 

bus DATA [15,0] and 18-bit address bus ADDR [18,1], external expansion memory mapped address 

0x20_0000 to 0x27CFFF, a total of 512Kbyte. MCU's connection with MR2A16A shown in Figure 2. 

 

 

Fig.2  External memory connection on large module 

 

MCU through the following steps to complete a read operation: drive / CS1, drive ADDR, / UDS & / 

LDS, driver / RE, wait, read data from the DATA line, recovery / RE, recovery / CS1, / UDS & / LDS . 

MCU through the following steps to complete a read operation: drive / CS1, drive ADDR, / UDS & / 

LDS, DATA bus driver, drivers / WE, wait, resume / WE, resume / CS1, / UDS & / LDS. 

Write programs to simply define a variable external address, and then treat as ordinary variables operate 

on the external variables can be completed in external memory read and write. 

 

3. Ferroelectricity Memory 

3.1. Basic working principle of memory 

When an electric field is added to the ferroelectric crystal, the central atom in the crystal along the 

direction of the field move. When the atom moves, it is through an energy barrier, causing the charge 

breakdown. Sensing circuit to charge the internal breakdown and set the memory. After removal of the 

electric field, the central atom to remain intact, the memory state is preserved. FRAM does not require 

regular updating, the data can continue to save after power-down, fast and not easy to write bad. 

 

3.2. Ferroelectric memory applications 

The system uses Ramtron's FM25L256, used to store the time stamp and the corresponding switch. 

FRAM can be the same as the RAM read and write operations at bus speed of completion, because it is 

not charge to store data but with the work in the polarization state, so without waiting for the data is written, 
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there is no write delay, but also like a traditional non-volatile volatile memory as to provide non-volatile 

storage. You can save data up to ten years, more simple to use, improve the reliability of the system. With 

the same high-speed RAM, also supports virtually unlimited number of read and write cycles. These 

advantages make the functions of RAM and ROM technologies in a single chip[3]. FM25L256 function 

block diagram (Figure 3) and the pin menu (Table 2) as follows: 

 

 
Fig.3  FM25L256Function 

 

 Table.2 FM25L256 Pin-out block chart 

Pin Name  Function 

/CS  Chip Select 

/WP  Write Protect 

/HOLD  Keeping 

SCK  Serial Clock 

SI  Serial Data Input 

SO  Serial Data Output 

VDD  Supply Voltage (2.7V 

~ 3.6V) 

VSS  Ground 

 

3.3. SPI module works 

FM25L256 connected with the microcontroller through the SPI bus. Figure 4 shows the wiring diagram 

of the SPI bus. Host (SCM) in the 8-bit data register and the slave (FM25L256) in the 8-bit data register 

through the MOSI and MISO to form a distributed 16-bit shift register. In the data transmission process, 

the data in both input and output serial manner. According to the host to provide the serial clock 

synchronization signal, the data through two data lines between the master and slave cyclic shift, the host 

data register data to the data from the machine registers, and slave data register in data transmission to the 
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host data register. SPI module is achieved in this way between master and slave data exchange. 

 

Fig.4 SPI bus connection 

 

SPI interface, the transmission mode can be set SPICR1 CPOL and CPHA in the two to control. Support 

mode 0 and 3 modes of these two models. Figure 5 shows the timing of these two models: 

 

 Fig.5  mode 0&3 of SPI bus 

 

3.4. SPI software program designed to 

In this system, SPI work in host mode 3. Following completion of the program mainly includes the SPI 

initialization. 

void initial_SPI1（void） 

{ 

   SPI1CR1 = 0x5E；         

   SPI1CR2 = 0x10；          

SPI1BR  = 0x22；        

}  

Read mainly access the data stored in FM25L256 write operation is to collect the data to FM25L256 in 

the specified location. SPI read and write the specific procedure is described below. 
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Read: read the first function to determine whether to enter into after reading the status register SPI0SR, 

to determine whether the data register is empty, empty read data command is sent, sent after reading the 

status register SPI0SR, to determine whether the data register is empty, sending empty high address, read 

status register until the transmission is completed SPI0SR, to determine whether the data register is empty, 

empty, send low address, read status register until the transmission is completed SPI0SR, determine the 

data register is empty, if it is empty at this time, read data register , the read is complete. 

Writes: First write a function to determine whether to enter into after reading the status register SPI0SR, 

to determine whether the data register is empty, empty send write enable command, after reading the status 

register after a delay SPI0SR, to determine whether the data register is empty, empty send high address, 

read status register until the transmission is completed SPI0SR, to determine whether the data register is 

empty, empty, send low address, read status register until the transmission is completed SPI0SR, determine 

the data register is empty at this time, if empty, send data , the write operation is completed. 

 

4. Time Tag 

For this system, accurate and rapid transmission on the CAN bus to the storage of data is very important, 

and accurate data transfer to the recording time is also very important, this time to be accurate to the 

millisecond. No time recorded data is incomplete. The system uses the DS3234, and the PIT with the MCU's 

internal record of the time to complete the millisecond time stamp[4]. 

 

5. Conclusion 

This module reflects the excitation control system to control the spread of information focused on trends, 

to achieve the required system functions: MCU's on-site analysis of the received data to determine fault. 

When a fault occurs, the data stored in memory or ferroelectric random access memory in the magnetic 

resistance, and add millisecond time stamp. Users can view any failures of the electrical parameters of 

voltage waveform. 

This design has been discussed by the laboratory verification, real viable solution. The object of study 

not only for the excitation system, and can be applied to other areas of industrial control, such as a variety 

of instrumentation, a variety of monitoring systems, as long as the content of slightly modified design, or 

by a combination of individual modules can be simple for a variety of systems, so that the system has a 

strong practicality and versatility. 
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